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INTRODUCTION 


Тһе UPI-4I is a low-cost, single-chip microcom- 
puter designed to be used as a universal peripheral 
interface device in а microcomputer system. The 
device is based on a completely self-contained 8-bit 
microcomputer with program memory, data mem- 
огу, CPU, ЏО, event timer, and clock oscillator, in 
a single 40-pin package. А bus interface is included 
which enables the UPI-41 to be used as а peripheral 
controller in MCS-48, MCS-80, MCS-85 and other 
8-bit microcomputer families. The device is de- 
signed for keyboard scanning, printer control, dis- 
play multiplexing and similar applications which 
involve interfacing peripheral devices to microcom- 
puter systems. 


The UPI-41 15 fabricated with N-channel MOS tech- 
nology and requires only a single 5-volt supply for 
operation. It has 1K words of program memory 
and 64 words of data memory on-chip. Both ROM 
(8041) and EPROM (8741) versions are available 
and the two are completely pin compatible. The 
instruction set of the UPI-41 is almost identical to 
that of the MCS-48. A single byte data register on 
the UPI-41 interfaces directly to an 8-bit master 
processor bus to handle asynchronous data transfer 
to and from the master system. A separate 4-bit 
register is used to indicate the status of data trans- 
fer. Two 8-bit TTL-compatible I/O ports plus two 
single-bit test inputs are available. ЏО can be 
expanded further by using the 8243 I/O expander 
device. A separate register in the UPI-41 is used as 
an event counter or interval timer. 


Because it is a complete microcomputer, the 
UPI-41 provides more power and flexibility than 
conventional LSI interface devices. For instance, 
the UPI-41 can be programmed as а peripheral 
interface for any of the low-cost drum or dot 
matrix printers currently on the market. In addi- 
tion to controlling the printer, the UPI-41 can 
handle zero suppression, limit-checking, formatting 
and other computations, thereby unburdening the 
master processor. This type of distributed intelli- 
gence, made possible by the UPI-41, greatly en- 
hances overall system capability while reducing 
cost and development time. 


This application note describes how the UPI-41 can 
be used to implement an interface to a matrix 
printer. The printer chosen is fairly typical of a 
large class of printers which minimize total system 
cost by reducing the mechanical content at the 
expense of more sophisticated electronic require- 
ments. The UPI-41, with its high degree of capabil- 


ity, is ideal for this type of application. It is sug- 
gested that the reader not already familiar with the 
UPI-41 read the “Intel UPI-41 Users Manual” 
before proceeding in this document. 


THE LRC PRINTER 


The LRC Model 7040 printer is a matrix printer 
manufactured by LRC Inc. of Riverton, Wyoming. 
Capable of printing up to 40 columns of alpha- 
numeric information, this printer is mecharically 
simple and should be ideal for a variety of арріїса- 
tions such as point of sale terminals and data 
logging. While this note concentrates on the Model 
7040 printer, the techniques discussed should be 
applicable to a variety of similar printers which are 
currently available. 


The printer (Figure 1) consists of four major sub- 
assemblies, the frame, the print head, the main 
drive, and the paper handling components. The 
frame is an aluminum extrusion which provides a 
suitable base for mounting the various components 
of the printer. The print head consists of seven 
solenoids which each drive stiff wires to impact the 
paper through the inked ribbon. At the solenoid 
end of the print head these wires are arrangec in a 
circular fashion. Where these wires impact the 
printer, however, the wires are arranged n a 
vertical column. To see how this arrangement can 
be used to print alphanumeric characters refer to 
Figure 2. The figure shows a 5 Х 7 matrix of 
"dots". The columns are labeled С] through C5; 
the rows are labeled as Row 1 through Row 7. 
Each row corresponds to one of the solenoid- 
driven wires. The entire print head assembly is 
moved left to right across the paper so that at T it 
is over Cl, at То И із over C2, and so on. If the 
correct solenoids are activated at each of these 
times (Т1-Т5) then a character can be formed. 
Figure 2 shows the character “A” formed. At Ті 
solenoids one through five were active, at Т; sole- 
noids four and six were active, and so on until the 
complete character was formed. The comp'ete 
character is formed by choosing the correct pattern 
of active solenoids for each of five instants in time. 


The print head is moved across the paper by the 
main drive. The main drive consists of a 24-pole 
synchronous motor which drives a rotating plastic 
drum. The drum has a spiral groove molded into it. 
A pin attached to the print head rests in this 
groove so that as the drum rotates at a constant 
speed the print head is driven back and forth across 
the paper. Printing is accomplished by controlling 


the activation of the solenoids as the print head is 
driver from left to right across the paper. When the 
end of the print area occurs the spiral groove 
reverses the direction of the head motion. As the 
left-hand edge of the paper is reached a cam 
attached to the drum activates the HOME micro- 
switch and the groove again reverses the motion 
of the head. When the print head is again over the 
print area and travelling in the left to right direc- 
tion the microswitch is deactivated. The printer 
controller uses the trailing edge of the signal gener- 
ated by the microswitch to initiate the printing of 
a new line of information. 


Paper feed is accomplished by a second synchro- 
nous motor which can be activated to feed paper 
through the mechanism. A switch is provided 
whica is activated while the actual line feed is 
occurring. The control logic can use the trailing 


edge of the signal generated by this switch to turn 
off the line feed motor. A version of the printer 
with automatic line feed is available. 


INTERFACE SIGNALS 


The interface signals to the printer consists of a 
pair of wires for each solenoid, a pair of wires for 
each motor (main drive and line feed), a pair of 
wires returning the state of the HOME micro- 
switch, and a pair of wires returning the state of 
the LINEFEED microswitch. 


The solenoids must be driven from a 40 +4 volt 
source. The peak current is approximately 3.64, 
the average current is approximately 0.5А. А 
circuit providing the required drive is shown in 
Figure 3. The output stage, consisting of the 
2N6045 Darlington transistor, the 1N4002 catch- 
ing diode, and the 20-ohm damping resistor, is thc 
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Figure 1. LRC Model 7040 Printer 


опе suggested by the manufacturer of the printer. 
Theinput stage is a discrete implementation of a 
DTL gate. Note that the base-emitter junction of 
the 2М6045 will protect the 2М2222А transistor 
from over-voltage on its collector. This circuit has 
several features which are important to the printer 
interface: 


1. АП solenoid power (including the power used 
to drive the base of the power transistor) is 
derived from the 40-volt supply. 


2. Disconnecting the drivers from the UPI-41 or 
the loss of the 5-volt supply to the UPI-41 
will result in the solenoids being turned off. 
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Figure 2. 5 x 7 Dot Matrix 
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The first feature of the drivers will minimize the 
impact of the printer and its interface on the 5-volt 
supply of the system. The second feature prevents 
the activation of the solenoids erroneously during 
power on/off cycles or during system checkout. 
This is an important point since the solenoids will 
be damaged if left activated continuously. (During 
the debug of the design described in this note 
fuses were added to the solenoid drivers to protect 
them from mishap.) 


The two motors can each be driven as shown in 
Figure 4. The Monsanto MCS-6200 is an optically- 
coupled TRIAC which is ideal for driving the small 
synchronous motors in the printer. Coupied with a 
buffer this part provides a simple means of con- 
trolling the motor without sacrificing the isolation 


required for safe and reliable operation. 


Figure 5 shows а UPI-41 used as an interface be- 
tween an Intel? 8085 and an LRC Model 7040 
printer. The drivers which have already been 
described have been used to interface the TTL 
outputs of the 8741 to the levels required by the 
printer. The two contact closure outputs from the 
printer (PAPERFEED and HOME) have been 
filtered and applied to the TESTO and TESTI 
inputs of the UPI-41. Bit 5 of output port 2 has 
been designated as an interrupt pin which will be 
used to request service from the 8085. 
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Figure 3. Solenoid Driver 
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Figure 4. Motor Driver 
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TIMING 


The relative timing of the interface signals to the 
printer is shown in Figure 6. Actual printing com- 
mences when the main drive switch signal goes into 
the print ready state. This edge indicates that the 
print head is scanning across the paper in the left 
to right direction and that the printer is ready to 
start the actual printing of characters. When this 
edge occurs the UPI-41 must start transmitting 
pulses to each of the seven solenoids. The timing 
for these pulses is shown on the last line of Figure 
6. A pulse of about 400 microseconds is used to 
generate a dot on the paper; a pause of about 900 
microseconds between these pulses satisfies the 
duty cycle restrictions of the solenoids and pro- 
vides a space between dots. Since the printer does 
not provide any feedback to the UPI-41 which 
would indicate the position of the print head, it is 
necessary for the UPI-41 to decide when to fire 
each solenoid based on timing information it main- 
tains internally. The specifications of the printer 
allow 310 milliseconds for the print head to 
traverse the print area. The maximum repetition 
rate at which the solenoids can be fired is once 
every 1.3 milliseconds. The maximum number of 
dots that can be printed in the available print area 
is then 310/1.3 = 238. After the last dot has been 
printed the line feed motor can be activated. The 
motor should remain activated until the line feed 
switch makes the off to on to off transition; this 
takes about 200 milliseconds. After the line feed 
motor is deactivated the next time of interest is 
when the main drive signal goes to the inactive 
state. At this point the printing of a complete 
line, including the necessary line feed, has been 
accomplished and the UPI-41 must prepare itself 
for the reactivation of the main drive switch. 
The activation of this switch will indicate that the 
printing of the next line can commence. 


SOFTWARE 


The software system necessary to drive the LRC 
printer can be thought of as two main parts, each 
with an associated data structure. A block diagram 
of the system is shown in Figure 7. All the items 
shown above the dotted line are associated with 
the BUFFER MANAGER (BMGR) program part. 
АП items shown below the dotted line are associ- 
ated with a PRINTER SERVICE ROUTINE (PSR). 


0 800ms 
1.25 LINES/SEC 


MAI 
DIRVE MOTOR 
МРОТ) 160-190 ms | 


PRINT READY HOME 
MAIN DRIVE 
SWITCH 


(OUTPUT) 310 ms | 


PRINT 
AREA 


PRINTED DOT 


PAPER 
FEED MOTOR 


(INPUT) 
48 ms 
NOMINAL 
PAPER FEED 

SWITCH 

-4 os ms МАХ 

*PRINT 
PULSE 
(INPUT) 1.3 ms MIN 


(OUTPUT) 
*SCALE: 100X 


7040 


Figure 6. Printer Timing 
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Figure 7. Software Block Diagram 


The BUFFER MANAGER is responsible Гог all 
interaction with the master processor (1.е., the 
8085 in Figure 5). The data structure associated 
with BMGR is а 40-character buffer which is used 
to store the characters as they are received from 
the master processor. BMGR maintains two 
pointers which are used to access the buffer; these 
pointers are shown as INPUT POINTER and ОСТ- 
PUT POINTER in the diagram and are imple- 
mented as UPI-41 registers Ro and Ry, respectively. 
The input pointer (INPNT) is kept pointing to the 
last character loaded into the buffer, the output 
pointer (OUTPNT) is kept pointing to the next 
character to be printed. BMGR has two major 
interfaces, the INPUT BUFFER, which is used to 
communicate with the master processor, and the 
register shown in the figure as OUTPUT BUFFER. 
This register, which is implemented with register 
R3 of the UPI-41, is used to communicate with the 
printer service routine (PSR). А character to be 
printed is placed in the output buffer (OBUF). 
When PSR is ready to print the character it moves 
it from ОВОК to its own buffer (PBUF) which is 
labeled as PRINT BUFFER in the diagram. After 
the character is moved the output buffer is over- 
written by a predetermined value which indicates 
that PSR has accepted the character. BMGR will 
load a character into the output buffer only if it 
currently is equal to this value. 


The printer service routine utilizes the TIMER to 
keep track of the current position of the print 
head. At the appropriate times it causes the sole- 
noid drivers to be pulsed so that the character 
stream it sees in PBUF is printed. Based on the 
contents of PBUF and the contents of ICNT, 
which indicates the active column of the current 
character, PSR looks up the appropriate column 
data to be printed in the character generator tables. 
This data is stored in the HAMMER BUFFER until 
the precise time that it should be presented to the 
hammer drivers via the I/O bits in PORT 1. ICNT 
and the HAMMER BUFFER are implemented as 
UPI-41 registers 5 and 7, respectively. 


DETAILS OF THE BUFFER MANAGER 


Before BMGR can be discussed in detail, the man- 
ner in which it utilizes the character buffer must 
be understood. Figure 8 shows the operation of the 
buffer while two lines of data are input to the 
UPI-41 and subsequently printed. In order to keep 
the discussion manageable, this figure is drawn as if 
the printer were capable of printing only four 


characters per line. The two lines of characters to 
be printed are: 


ABCD 
1234 


Figure 8. Buffer Operation 


It should be noted that the buffer contains 5 bytes, 
one more than the number of print positions. The 
extra byte is a "phantom address" which, when 
pointed to by the output pointer, indicates that 
the section of BMGR which services the printer 
service routine is inactive. This state must be 
allowed because the actual print operation саглої 
begin until the complete line has been input to the 
buffer. If this rule were not enforced, some under- 
run protocol would have to be established to 
handle the situation of the input stream from the 
master processor failing to keep up with the print 
head. 


Figure 8a shows the buffer in its initial state. The 
input pointer is set to the last real position in the 
buffer and the output pointer is set to the phan- 
tom position. Figures 8b through 8f show the 
operation of the pointers as the characters “A”, 
“В”, “С”, and “D” are loaded. In each case the 


input pointer is incremented to point to the next 
availab с location and then that location is loaded 
with (ле character. The position of the output 
pointer is not changed until the last position of the 
buffer has been loaded. When this occurs, the out- 
put pointer is set to point at the first character of 
the buffer. The operation of the pointers thus far 
can be described by the following algorithm: 


INITIAL: 
INPOINT:=BUFFER МАХ; 
OUTPOINT:=BUFFER_MAX+1; 
LOOP: 
IF CHARACTER. AVAILABLE THEN 
BEGIIN 
INPOINT:=(INPOINT+1) MOD BUFFER, LENGTH: 
BUF FER{INPOINT):=CHARACTER:; 
IF INPOINT=BUFFER_MAX THEN OUTPOINT:=BUFFER_MIN; 
END; 
GOTO LOOP; 
END; 


Obviously, if this loop were allowed to continue, 
the buffer would be overwritten by the next line of 
text before the first could be printed. This can be 
prevented by modifying the algorithm as follows: 


LOOP: 
ТЕ CHARACTER. AVAILABLE THEN 
BEGIN 
TEMP:=(INPOINT+1) MOD BUFFER. LENGTH; 
IF ТЕМР<>ООТРОІМТ THEN 
BEGIN 
INPOINT:-TEMP; 
BUFFER(INPOINT}:=CHARACTER; 


IF ANPOINT=BUFFER_MAX THEN OUTPOINT:-BUFFER MIN; 


END; 
END; 
GOTO LOOP; 


This modification will “freeze the action” at Fig- 
ure 8f until the output pointer is incremented. 
When this occurs the input procedure will immedi- 
ately load the input data over the character that 
was just printed (assuming that data is available to 
the procedure at a higher rate than can be printed). 
The defined interface with the printer service rou- 
tine allows a character to be removed from the 
buffer and placed in the output buffer whenever 
the output buffer contains the value placed there 
by the PSR, indicating that it has accepted the 
character that was previously in the output buffer. 
If this value is called EMPTY FLAG then the 
complete buffer handling procedure can be defined 
as follows: 


INITIAL: 
INPOINT:=BUFFER_MAX; 
OUTPOINT:=BUFFER_MAX+1; 
LOOP: 
IF CHARACTER, AVAILABLE THEN 
BEGIN 
TEMP:=(INPOINT+1) MOD BUFFER, LENGTH; 
IF TEMP<>OUTPOINT THEN 
BEGIN 
INPOINT:-TEMP; 
BUFFER(INPOINT):=CHARACTER; 
IF INPOINT=BUFFER_MAX THEN 
OUTPOINT:-BUFFER, MIN; 
END; 
IF OUTPUT. BUFFER-EMPTY FLAG THEN 
BEGIN 
IF OUTPOINT«-BUFFER, MAX THEN 
BEGIN 
OUTPUT. BUFFER :=BUFFER(OUTPOINT); 
OUTPOINT:=OUTPOINT+1; 
END; 
END; 
END; 
GOTO LOOP: 
Examination of Figures 8g through 8r will show 
how this algorithm maintains the buffer. If there is 
an open position and a character is available, it is 
placed in the buffer. When a complete line is in the 
buffer, printing is initialized by setting the output 
pointer to BUFFER_MIN. As the last character of 
a line 15 printed, the output pointer is incremented 
to point at the “phantom location” until the next 
line is completely entered. It should also be noted 
that if the input stream is faster than the print 
operation, then after the last character of a line is 
printed only one character need be input before 
printing can resume (see Figures 81, іп, and п). 
Frame r shows that after all available characters 
have been printed the state of the buffer is the 
same as it is initially. This is obviously a desirable 
feature. 


The flowcharts for the complete BUFFER MANA- 
GER are shown in Figures 9a and 9b. The corre- 
sponding code can be found starting at label 
BMGR of the program listings (see appendix). The 
flowcharts follow the algorithm that has been dis- 
cussed very closely. Some additions have been 
made to implement logic not associated with the 
buffer. The first difference is that when a byte is in 
the input buffer it is tested to determine whether 
it is а command byte or a data character before 
further action is taken. Only two commands are 
recognized; one to set, and one to reset, the in- 
ternal interrupt enable flag. This flag, which 15 


implemented as bit zero of РОКТ2 determines 
whether or not the UPI-41 will assert an interrupt 
to the master processor when it is able to accept 
a new character. Two additional deviations can be 
noted in Figure 9a; the first is that the motor of 
the printer will be turned on whenever a data 
character is received, the second is that if an end of 
line code (1.е., an ASCII line feed) is received, then, 
instead of storing it in the buffer, a mode is en- 
tered which fills the remaining buffer locations 
with space characters. This mode is enabled by bit 
one of PORT2. Note that utilizing otherwise 
unused bits of PORT2 for program status allows 
convenient testing and setting Бу the software and 
also enables external monitoring of the program 
operation. 
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Figure За. Buffer Manager Flowchart 


The last addition to the algorithm can be seen in 
Figure 9b where instead of going directly back to 
the start of the program after servicing the printer, 
a test is made to determine if the interrupt to the 
master processor should be asserted. This interrupt 
is set if the enable bit is set and there is also room 
in the buffer for at least one more character. After 
this test, control is passed back to the beginning 
of BMGR. 
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Figure 9b. Buffer Manager Flowchart 


PRINTER SERVICE ROUTINES 


The Printer Service Routine must convert the char- 
acters given to її by the Buffer Manager intc ап 
appropriately timed stream of pulses to the sole- 
noids. Because the PSR is extremely time- 
dependent, it was implemented as an interrupt- 
driven routine which is given control when the 
timer overflow occurs. This allows exact timing 
of the solenoid firings without requiring software 
delay loops. If the timing had been generated by 
such loops, synchronization would have been lost 
when the delay loops were interrupted in order to 
service the master processor. 


If a hardware design of a controller for the printer 
were being undertaken, a convenient place to start 
would de to generate a state transition diagram 
which shows all the states that can be entered and 
how control can transfer from state to state. This 
hardware design technique is often useful in soft- 
ware design and was, in fact, used to develop the 
PSR. The state diagram of the PSR is shown in 
Figure 10. A total of eight states are necessary to 
implement the printer control function. Before 
discussing this diagram further, each of these states 
must be defined. 


WPA. The WPA (Wait for Print Area) state is 
the state in which the system waits for 
the input from the printer which indi- 
cates that it is ready to start the actual 
printing of data. 


During the TPA (Test Print Area) 
state the system digitally filters the 
signal from the printer to ensure that 
contact bounce is not causing an er- 
roneous indication that the print area 
has started. 


Transfer to the IPO (Initialize Print 
Operation) state occurs after the posi- 
tioning of the print head over the 
print area has been verified. During 
this state the system initializes itself 
to start printing a line of text. 


The ICOL (Inter Column) state is used 
to time the period between the activa- 
tion of the hammers. During this state 
the space between the dots of the 
characters is generated. 


ТРА: 


ІРО: 


ICOL: 


PCOL: During the PCOL (Print Column) state 
the hammers are energized if the par- 
ticular character being printed re- 
quires a dot in the corresponding posi- 
tion. 


The ICHAR (Inter Character) state 1s 
active between characters on a given 
line. 


During the WFON (Wait for Feed On) 
state the system waits for the asser- 
tion of the feed pulse from the print- 
er. This signal indicates that the 
process of feeding paper 15 occurring. 


The system remains in the WFOFF 
(Wait for Feed Off) until the feed 
pulse goes inactive. This indicates that 
the required paper teed operation has 
been completed. 


ІСНАК: 


WFON: 


WFOFF: 


The state diagram, in addition to defining the 
allowable states, also defines how state to state 
transitions can be made. The general structure of 
this diagram shows that PSR is initiated by the 
occurrence of the timer overflow interrupt. When 
the interrupt occurs the contents of the HAMDAT 
(HAMmer DATa) register are immediately trans- 
ferred to PORTI which causes the hammer sole- 
noids to be activated. Each of the eight possible 
states sets data into the register which should be 
output at the next timer overflow occurrence and 
starts the timer operating in a mode which will 
result іп the main program (BMGR) being inter- 
rupted at the proper time. The following para- 
graphs describe the operation of each of the states 


Figure 10. Print Control State Transition Diagram 
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WPA 7 WAIT FOR PRINT AREA 
TPA - TEST PRINT AREA 
ІРО = INITIALIZE PRINT OPERATION 
су ICOL INTER COLUMN DELAY 


PRINT COLUMN 


2 
о 
о 
= 
ШЕТ! 


ICHAR INTER CHARACTER DELAY 
WFON = WAIT FOR PAPER FEED ОМ 

WFOFF = WAIT FOR PAPER FEED OFF 
Coi e РІЇ 

C10 = МОТ (PRINT AREA) 

C11 = PRINT. AREA)-(FILTEROO) 
C12 = {PRINT_AREA)-(FILTER=0) 

C20 =  (OBUF-EMPTY FLAG) 

C23 =  (OBUFOEMPTY, FLAG) 

C34 = 1 

Саз = (СОЮ COUNT(:0) 

С45 = (COL_COUNT-0) 

C53 хо (ОВЏЕОЕМРТУ FLAG) 

C56 = (ОВУЕ-ЕМРТУ FLAG) 

Ce6 = (PAPERFEED=OFF) 

C67 = (PAPERFEED=ON) 

C70 = (PAPERFEED-ON) 


(PAPERFEED-OFF) 


in detail. Тһе flowcharts ої the routines сап be 
found in Figure 11. 


Тһе МРА, СРА, and ІРО states аге all associated 
with the detection of the valid start of the print 
area. The WPA state sets the timer in the event 
count mode so that the edge of the print area 
signal can be detected, the CPA state digitally 
filters this input once it has been detected to 
ensure that noise has not caused a false input, and 
finally, the IPO state initializes the system to start 
the actual printing of data. The flowchart shows 
that the WPA state accomplishes the following 
actions: 


1. Turns off the paper feed motor 

2. Sets the filter count (for the CPA state) 
3. Sets HAMDAT to zero 

4. Sets STATE to one. 


The timer is set to event count with an initial value 
of OFFH. This will cause a timer overflow interrupt 
the next time a negative transition occurs on the 
TESTI input. Since this input is tied to the signal 
from the PRINT AREA switch, this interrupt 
should occur when the start of the print area is 
reached. The WPA state sets the STATE register to 
cause the TPA state to be entered when this inter- 
rupt occurs. Each time the TPA (Test Print Area) 
state is activated the software checks to ensure that 
the print area switch is in the proper state; if it is 
not, then all the actions of state zero are repeated 
(except turning off the motor), since a false start of 
print area has occurred. If the test reveals that the 
print area switch is in the proper state, then the 
filter count is reduced by one and the timer is 
started with an initial value of OFFH, the minimum 
attainable timer increment. The STATE register is 
set to repeat the TPA state unless the filter count 
has reached zero; when this occurs the IPO state is 
selected. The IPO state, which is responsible for 
the initialization of the actual print operation, first 
tests the output buffer register to determine if 
there is any data for it to print. If this test is unsuc- 
cessful the printer main drive motor is turned off, 
the TPA state is reinvoked and the timer is started 
in the event count mode so that it can detect the 
next start of print area. At first glance this seems 
somewhat fruitless since the event required cannot 
happen if the motor is not turning. By referring 
back to Figure 9, however, it can be seen that 
BMGR turns on the motor whenever it has a data 
character from the master computer. The reception 
of a character will always allow the PSR to find the 
next print area. If, when the ІРО state makes its 


test, there is data in the output buffer then the 
data is moved to the print buffer and the cutput 
buffer is set to the empty value. After this is ac- 
complished, a counter is set to the number of col- 
umns to be printed per character (seven in this case 
— see comment by ССЕМ label in program listing), 
the STATE register 15 set to the ICOL state апа the 
timer is set to time the intercolumn time. (The 
intercolumn time is the time that elapses between 
each possible column of the character.) Before 
exiting from this state the first column of data for 
the hammbers is generated by the COLUMN rou- 
tine and placed in the HAMDAT register. 


The three states already discussed set the printer 
up so that it is ready to print. The next three states 
are repeated sequentially until the entire line of 
data has been printed. The ICOL state is probably 
the simplest of the states. When it is invoked the 
hammers have just been fired by the entry into the 
PSR. All that the ICOL state does is to ser the 
timer to time the proper duration of the hammer 
strikes, clear the HAMDAT register, and set the 
STATE register to the PCOL state. The PCOL 
state, only slightly more complicated than the 
ICOL state, first decrements the column court. If 
the end of a character is detected (count equal 
zero), the HAMDAT register is cleared and the 
STATE register is set to invoke the ICHAR state. 
If the end of a character is not detected then the 
COLUMN routine is again used to determine the 
next data to be sent to the hammers and the ICOL 
state is reinvoked. When the ICOL state is active 
two things can happen, depending on whether 
there is more data to print. If there is data in the 
output buffer then a series of actions simila to 
those of the IPO state occur to reinitialize the 
printing of a character; if there is no more data in 
the line then the paper feed motor is turned on, 
НАМРАТ is cleared, and the STATE register 15 set 
to the WFON state. The timer is set for approxi- 
mately one millisecond so that the state. of the 
paper feed switch can be sampled periodically by 
the WFON and WFOFF states. 


The WFON and WFOFF states continue to set the 
timer to the one millisecond sample rate, the 
WFON state reinvokes itself until the paper feed 
switch input is detected and then it invokes the 
WFOFF state. The WFOFF state reinvokes itself 
until the paper feed switch is detected in the off 
state and then invokes the WPA state. The sole 
purpose of the WFON and WFOFF states is to 
ensure that an off to on to off transition occurs on 


the paper feed switch. When this criterion is satis- 
fied tre WPA state is invoked which first turns off 
the paper feed motor and then proceeds to print 
the next line of data. 


CONCLUSION 


The UPI-41 has been shown to be easily capable of 
controlling the LRC matrix printer with no ех- 
ternal logic other than drivers and receivers. The 
program listings which implement the algorithms 
discussed are shown in Appendix A. It should be 
noted that no attempt has been made to minimize 
the amount of code in the program; the emphasis 


was on clarity of operation and ease of implemen- 
tation. A careful programmer should be able to 
significantly reduce the amount of code space 
needed, especially in the printer service routine 
which duplicates much code in each STATE. Even 
with this relatively loose coding the printer control 
function, including the complete character tables, 
easily fit within the memory available in the 
UPI-41. The extra room in memory could be used 
to implement such extra features as tabulation, 
printing prestored messages, or even limited 
graphic capabilities. The power and flexibility of 
the UPI-41 make such features easy to implement. 
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APPENDIX 


1515-11 8648 ASSEMBLER, 91.1 
LRC PRINTER CONTROLLER 7/14/7 


LOC ОВ) ЗЕМ SOURCE STATEMENT 
5 
3 p F O oe i iee de he ie deke deie e kede e e de e e e Feke de de de Fe e e Fe de Fe Fe fe Fe Fe de Fe e e Fe de He e e de e Ae e Ae e de de de de TE ЖЖЖ 
4 . 
5 ; ОРІ-41 LRC PRINTER CONTROLLER 
7: THIS PROGRAM IMPLEMENTS THE CONTROL ОҒ THE 
8 ; ГАС PRINTER WITH THE UPI-41. DATA IS INPUT TO THE 
9 ; UPI-41 AS SIX BIT ASCII. COMMANDS ARE PROVIDED 
10; ТО ENABLE OR DISABLE THE GENERATION OF AN 
11; INTERRUPT WHEN THE UNIT І 
12; FOR ANOTHER DATA CHARACTER, THE INTERRUPT IS ENABLED 
13; ВУ OUTPUTING @ЗН TO THE CONTROL CHANNEL AND DISABLED 
14; BY OUTPUTING Q2H, WHEN ENABLED THE INTERRUPT 
15 ; IMPLEMENTED AS A POSITIVE GOING EDGE ОМ P25, 
17 ; NOTE: A PL/M LIKE LANGUAGE WAS USED ТО COMMENT 
18; THIS PROGRAM. МО COMPILER EXISTS FOR THE UPI-41, 
19 ; THE COMMENTS WERE "HAND COMPILED" INTO ОРІ-41 
20 ; ASSEMBLY LANGUAGE, 
22 LH HE AI D ЖА AO D Ж 
23 
24 
26 g F F e e de de О ДАДА О АХАЖ ААА ААА RARA RARA Ad 
27 
28 ; REGISTER ASSIGNMENTS 
22 FFF 
ђ 
0247 33 HAMDAT EQU R7 
0006 34 STATE EGU R6 
0005 35 ІСМТ R5 
0004 36 PBUF Е R4 
9803 37 ОВОР EQU R3 
0002 38 TESTR R2 
0001 39 OUTPNT EQU ві 
0000 40 INPNT ВОЮ RO 
42 
43 РОДОС d АЯ 
45 : 
46; ТІМЕВ EQUATES 
44 FFC 
49 
Q0AQ 50 TICK EQU 160 
FFFE 5] THON -320/TICK 
FFFD 52 THOFF U -480/TIČK 
FFF8 53 TINTER EQU -1280/ТІСК 
FFFA 54 TLFEED EQU -1000/TICK 
0004 55 FILIV Ü 648 /ТІСК 
58 Fr . КИЙ AAA 
59 
60 ; PROGRAM MASKS 
91 (OSE SCSI EOC ADI I ыы ыы 
63 
BOEF 64 EMTFLG EQU QFFH 
0007 65 ІМАХ 0 074 
007€ 66 PFEED 0 7FH 
OOBE 67 MOTON ERU ОВЕН 
0001 68 INTENA EQU 01H 
0002 69 FMODE ЕС) 02H 
дОдА 78 EOL EQU ДАН 
0021 71 ЕХСІАЇМ 9218 
0020 72 SPACE FO 20H 
0020 73 E EQU 20H 
0018 74 QPIMÍN EQU 18H 
0018 75 BIN  EQU 184 
00ЗЕ 76 В EQU ЗЕН 
77 
78 
79 5 ЕЈЕСТ 
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ОВЈ 


2 
5 


1416 
3479 


2400 


к 
(іл 


WS GI LIL LIL LAA LAA LIS CO КАО NO SO NO NO his о CO C G2 CO © EE: Co WI XD XO LD D OO CD 00 CD (D CD CO 
ESD СО DO ESO GOOD OO LO NES O соја ль OE бојом Uni LJ NO HS O бо Ја Umi COND EA CS 


—— и и и и 
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SOURCE STATEMENT 


„ K ke de ke e k de k de ke ke k Ae k dek dek de k de k Ae de de de de de de e k de k e k e ke e he e ke e e k ke ke ke k e k de k ke ke ke ke ke de kke ke ke h k kk k k КК 


—— eS 


RESET: 


START OF PROGRAM 


ORG 
CALL 
CALL 


EN 
JMP 


„R e XX e ERIK NKANKA Ae de e e Ae e e e Ae he e AK e He hA NA he e he Ae e e he He he e e ИКИ he KKK KAA ke ke ИКИ К 


; INITIALIZE; 
; INITIALIZE AND GO TO 
; BMGR 


; CODE MUST END AT LOC 6 


„ K * K NN NNXAXX XN NN NXT NXT AN NN NA NN NX XX AXN XXX XX XX RX XK RRR RRR TRR NX 2 


i 
i 
; 
; 
; 
TISR: 


CBASE: 


CASE : 


САЅЕ1: 


START OF INTERRUPT DRIVEN STATE MACHINE 


ekkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkikkkkkkkkkákkkkkkikkkkkkkkkkkkkkkkkkkkki 


; DO; 
; HAMMERS=HAMMERSDAT ; 
; ГО CASE STATE; 

авн 

Pl,A 

A,STATE 

А #CBASE 

A 

CASE 

CASE] 

CASE2 

CASES 

CASE4 

CASES 

САЗЕб 

САЗЕ? 
, 
; DO; /*CASE 8, FEEDING LINE */ 
; PAPERSFEEDSOFF 
; STATE=] ; 
; ICNT=FILTV 
; WAIT (PRINTSAREA) ; ; 
; HAMMERSDATÀ 
; END; /% END OF CÁSE 0 %/ 

Р2 + (NOT РРЕЕР) 

STÁTE 

ICNT P 

А,%- 

ТА 

CNT 

А, #0 

А,НАМРАТ 
; DO; /* CASEl,TESTING FOR PRINT AREA */ 
; ТЕ TÓ-l THEN 
pner 
; FILTV; 
; WAIT (PRINTAREA) ; 
; HAMMERSDATA= ; 
, , 

ClELS 

STATE #1 

ICNT $FILTV 

, 
, 
А, #2 
CÍEND 
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LOC OBJ SEQ SOURCE STATEMENT 
ELSE 


з DO; 
159 | ICNTSIC 
160 ; IF ICNT-Ó АТ AMEN STATE-2 ELSE STATE-1; 
161 ; TIME (-1); 
152 ; c DAMMERSDÁTA- =0; 
0032 BEQ2 164 ClELS: MOV STATE, $2. 
0034 ED38 165 DJNZ ICN, CI LA 
0036 ВЕЙ1 166 МОМ STATE, #1 
0038 23FF 167 CILA: MOV ‚#- 
003A 168 MOV T, 
003 169 STRT 
003С 2300 170 MOV А, #0 
; END; /*END OF CASEl * 
003: 2F 172 CIEND: ХСН A,BAMDAT f MEA 
003 93 173 RETR 
174 
175 
176 ; DO; /*CASE 2, INITIALIZE PRINT OPERATION */ 
177 ; IF OBUF<>EMPTYSFLAG THEN 
178 : 507 
179 H ME (HAMMERSOFF) ; 
180 H PBUFLOBUEs 
181 $ OBUF=EMPTYSFLAG; 
182 ; T= ; 
183 ; STATE=3; 
184 ; HAMMERSDATA=C@LUMN (PBUF , 1); 
185 ; END; 
0040 ЕВ 186 CASE2: MOV A, OBUF 
0041 D3FF 187 XRL A, #EMTFLG 
0023 C655 188 JZ COELS 
0025 ЭЗЕР 189 MOV А, #THOFF 
0047 62 198 MOV ТА 
0048 55 191 STRT Т 
0049 ЕВ 192 MOV А,ОВОЕ 
004A АС 193 MOV РВОЕ,А 
0048 BBFF 194 MOV OBUF + FEMTFLG 
QUAD Врӣ7 195 MOV ICNT, ФІМАХ 
004Е BEQ3 196 МОУ STATE, #3 
0051 54ЕЙ 197 CALL 
0053 045Е 198 ЈМР C2END 
199 ; ELSE го; 
200 ; STATÉ 
20 1 : WAIT BAIT (PRÍNTSAREA) ; ; 
203 ; HAMMERSDATA=0 ; 
0055 ВЕФІ 205 C2ELS: MOV STATE, #1 
0057 23FF 206 МОМ A, 
0059 62 207 MOV T, 
965 45 208 STRT С 
9058 8A40 209 ORL P2 gnor MOTON 
6055 2300 218 МОМ Art 
211 ; END; /*END OF CASE 2 */ 
QUSE 2F 212 C2END: ХСН А,ВАМРАТ 
0060 93 213 R 
215 : /*CASE 3, HAMMER OFF CYCLE */ 
216 ; PO TE HAMMERSON) ; 
217 ; DATA-0; 
218 ; STATE= 
219 ; END; /*END OF CASE 3 %/ 
9261 23FE 220 CASE3: MOV А, #THON 
0263 62 21 МОУ É 
0264 55 222 STRT 
8065 2300 223 MOV 
0067 ВЕДА 224 MOV STATE, #4 
0069 2F 225 ХСН A,HAMDAT 
006A 93 226 
227 58 EJECT 


|| 


SEE 
S6 
со 


ла 
ск» 


МАМА ОКО NN 
As о IUE DILO LL LOW СА) ЈОЈ 
MUTE IO HIS во ја бок AeA 


SOURCE STATEMENT 


; DO; /*CASE 4,PRINTING COL I OF CHAR */ 
; TIME (HAMMERSOFF) ; 
CASE4: MOV А, #THOFF 
MOV Т.А 
STRT T 
; 85. El; THEN 
Н OO; MATES ; 
; HAMMERSDATA=0 ; 
; END 
DINZ ICNT,C4ELS 
MOV STATE, #5 
MOV А, #0 
ЈМР C4END 
ELSE DO; 
STATE=3 


HAMMERSDATA=COLUMN (PBUF,I); 


мм Ne Ne 


H 


C4ELS: MOV STATE, #3 


CALL COLUMN 
9 Н END; /% END OF CASE 4 */ 
2 o C4END: ДЕН A,BAMDAT 


R 
; DO; /*CASE 5 INTERCHARACTER SPACE */ 
; Cer N 

CASES: MOV А, #TINTER 
5 МОУ Т.А 
STRT T 

; IP OBUFC>EMPTYSFLAG THEN 
; "РВЏЕ=ОВОЕ; 
: OBUF=EMPTYSFLAG; 
; STATE-3; 
; 


HAMMERSLATA=COLUMN (PBUF , І); 


. 


U 


MOV 4 
MOV STATE, #3 
CALL СОШ) 
JMP CSEND 
7 ELSE DO 
; ТІМЕ( (LINESPRED) ; 
; PAPERSFEED-ON; 
; STATE-6; 
; DATA-0; 
9 ; END; 
CSELS: MOV À, #TLFEED 
2 MOV Т,А 
STRT L 
ANL #PFEED 
MOV SE, #6 
MOV 
; END; /* END OF CASE 5%/ 
CSEND: ХСН А,НАМРАТ 
RETR 
$ EJECT 
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LOC OBJ 


0100 

010) 0647 
0102 7636 
0104 ЗАВЕ 


0106 F8. 
0107 3470 


NN 
© 


COGO COLO LL GLO CO LL CO CO UI LI СӘ WI САСА WI LO САУСА GO GU COGO СО СА) WII) WI GI WILY) LOCO COCUCOCO CO CI WI) WLW LO WLW CO СА WILD LOCO LOCO LO WWW WW WW LOCO NONO 
GO GO CC ӨМ л лол UU Un Un Cn UT Unis зы RE Re Ы» но WwW Co Us LI LL IL КОМО МОМКА Нион ке HAS C C] S (S ОИ AI О 
D -JOYU PWD BD D JOUR CONO HO дојам Ln BWR DO JAUNE Со NS O Оо ~ јами CONDIT ESO OO JO UV» COND HS UD CO OOO CON IA LO OO ~ ја 


SOURCE STATEMENT 


DO; /%СА5Е 6,WAITING FOR FEED ON */ 
TIME (LINESPEED) ; 


i 
; IF P 5-1 T 
; ! STATE-7; 
CASE6: MOV A, #TLFEED 
MOV T, 
STRT 
JNTÓ | C6ELS 
MOV STATE, #7 
JMP END 
; ELSE DO; 
; STATÉ-6; 
; END; 
C6ELS: MOV STATE, #6 
і END O O OF 6 * 
; ; END ОР "Diss 
C6END: MOV A, 40 : 2 
ХСН A, HAMDAT 
RETR 
; WAITING FOR FEED ОРЕ * 
: DO: MET ge e ; / 
2 ТЕ РЕ5 ТНЕМ 
; DO; 
; 5ТАТЕ=0; 
| ; END ; 
CASE7: MOV A, #TLFEED 
MOV Т,А 
STRT Т 
Јтд C7ELS 
MOV STATE, #0 
JMP СТЕ 
$ ELSE DO; 
; 9 ¡STATÉ= =7; 
; BAMMERSDA 


END; /*END OF “thse 7 */ 


C7END: MOV 
XCH А, HAMDAT 


C7ELS: MOV STATE, #7 
A, #0 
; ЕМ); /% END OF CASE ВІОСК */ 


kkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkk 
; BMGR 


; 
; THIS SEGMENT CONTROLS THE HANDSHAKING BETWEEN THE 
; CONTROLLER AND THE MASTER PROCESSOR, 


P RH AR HR AR AD A AH ADO AAA КА КАКА IIR RARA RRA RARA k k 
; /BMGR-BUFFER MANAGER*/ 


DO; 
IF IBF-FULL THEN 
ip TYPE=DATA THEN 


DO; 
MOTOR-ON ; 
TEMP=INCOPT (INPNT) ; 


—— x 2 а ~ a 


ORG 1008 


BMR: ЈАВЕ ВВРЕТ 
ЈЕ] BBCMD 
ANL 22, #MOTON 
MOV A, INPNT 
CALL ТАСОРТ 
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o La Lu Lu LL WW COGO LOCO LOCO COGO CO 
ҳо Со со со со со 0000 COCO СОМ AS ~) 
CO © JO UT SWF BOO YHA 


COD. O- 
ко 


[anum 


D» 
SOSA ROSS OOO 


UNS CON но O GO J Or US Lo NO SANO COO JON UT CO NO IA ОСО OY UP WHFS МО CO —J OY 


ЕНІНЕН 
ньньнь COGO со бо Loto 
-O 


SS 8888888 
DE > > d d > {> d d d > AA daa da d a d d da d . e 


OOO МОМО МО КВ H Беја I ILI о 


ЗОЏЕСЕ STATEMENT 
i5 ТЕМР<>0015РОІМТ THEN 


ÍNSPOINT-TEMP; 
IF FILLSMODE=ON THEN 


DO; 
TEMP-SPACE; 

LSE DO; 
TEMP-INPUTSBUFFER; 
INTERRUPT=OFF; 

END; 
iE TEMP-EOL THEN 


" FILLSMODE-ON; 
TEMP=S PACE; 


END 

IF TEMP-CONTROLSCODE THEN TEMP-'!'; 
BUFFER(INSPOINT)=TEMP AND ЙЗЕН; 

IF INSPOINT-BUFFERSMAX THEN 


ме че 9e o ме — sa e 9a чө mo a se seo emo Sa TETE ТІ 


DO; 
FILLSMODE=OFF; 
OUTS POINT=BUFFERSMIN; 
END; 
END; 
BBLl: XI. A,OUTPNT 
JZ BBPRT 
A,QUTPNT 
MOV INPNT,A 
IN A,P2 
JBl FILL 
ANL 55 PROT (EXREQ) 
СМР L 
FILL: | MOV A, #SPACE 
BBLIA: ХЫ, A, #EOL 
252 BBL1B 
ORL Р2 fEMODE 
JMP BBI IC 
BBLIB: ХЕ, A,#EOL 
JB6 BBLIC 
JB5 ВВС 
MOV А, #EXCLAIM 
BBLIC: АМ, A, #0 ЗЕН 
MOV GÍNPNT,A 
MOV A, INPNT 
XRL ; 
JNZ BBPRT 
ANL P2,#NOT FMODE 
MOV OUTPNT, #BMIN 
JMP BBPRT 
; ELSE DO; /*TYPE IS COMMAND*/ 
; INTERRUPT=OFE; 
; IF (PORTO AND 3)=2 THEN INTENA=OFF; 
; IF(PORT@ AND 3)=3 THEN INTENA-ON; 
; END; 
BBCMD: IN BB 
ANL P2, NOT (EXREQ) 
ANL A, 43 
JBI BBL2 
ЈМР ВВРЕТ 
BBL2: 280 BBL3 
ANL P2,#NOT INTENA 
JMP PRT 
ввіз: ОВ P2,#INTENA 
$ ЕЈЕСТ 
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OBJ SOURCE STATEMENT 


2 
e 


IP OBUF-EMPTYSFLAG AND (OUTSPOINT<>BMIN OR STATE: 
55 OUTSPOINT<=BUFFERSMAX THEN 

"ОВОРеВІМ (OUTSPOINT) ; 

ЗВО НИСО РОИЧ ; 


7 
7 


ы» Eo >» RER 
oD Bb LIL LY LY 
> LU OOO 


END; 
FB 445 BBPRT: MOV А,ОВОР 
D3FF 446 XRL A, FEMTFLG 
965Е 447 JNZ BÍ 
29 448 MOV A,QUTPNT 
D318 449 XRL A, #QPTMIN 
9658 450 JNZ A 
FE 451 MOV A, STATE 
03FD 452 ADD А,#-3 
F258 453 JB7 BÉPRTA 
245E 454 ЈМР BIN T 
Е9 455 ВВРЕТА: МОМ 250 
D25E 456 JB6 BINT 
Fl 457 MOV QOUTPNT 
AB 458 MOV OBUE A 
19 459 INC 80 T5, 
460 7 TEMP-INCQPT (INPNT) ; 
461 ; IP TEMP<>OUTSPOINT THEN 
463 : ТЕ INTENA-ON AND FMODE-OFF THEN INTERRUPT-ON; 
464 5 END; 
465 ; END; 
466 : END 
467 
F8 468 BINT: MOV А, INPNT 
3470 469 САШ. INCQPT 
470 XRL A,OUTPNT 
C600 471 JZ B 
472 BINTA: 
2A 473 ІМ А,Р2 
474 CPL 
1280 475 280 ВМСЕ 
326С 476 JBL SETINT 
ET ^ 
SETINT: P 
2400 479 JMP BMGR 
180 
481 
482 
483 
484 
485 
486 
481 Я foe PURE INCQPT (A, CARRY) ; 
ГА 
489 ; “А-А MOD BUFFER LENGTH+BUFFER MIN; 
499 ; IF A-BUFFER ! MIN THEN CARRY=17 
0301 10) неон ADD. Ай. 7 77 
D275 493 JB6 ADJUST 
83 494 RET 
2318 495 ADJUST: MOV A, #QPIMIN 
A7 496 CPL E 
83 497 RET 
499 
500 ; PROCEDURE ІМІТ; 
501 : DO; 
502 7 OBUF=EMPTYSFLA( 
593 ; e PP EE ROMANS Te 
504 H INSPOINT=BUFFERSMAX ; 
595 ;  MOTOR=OFF; 
596 Н PAPERSF EED-OFF; 
587 ; FILLSMODÉ=OFF : 
508 ; INTERRUPTSMASK-OFF; 
509 F BUSSBUFFER-0; 
510 ; END; 
BBFF 511 INIT: MOV ОВОР, #EMTFLG 
8940 512 MOV OUTPNT , #BMAX+1 
ВЕЗЕ 513 MOV INPNT, $ 
2320 514 МОУ A, #0FOH 
3A 515 OUTIL Р?,А 
2 516 IN A, DBB 
83 517 RET 
518 
519 
520 
521 
522 
523 
524 $ EJECT 


LOC OBJ 


02E0 


> 
к 
ну 
со 
PON 
WULO 


02 
Й2ҒА 83 


Me eme ча о че че ме 


SOURCE STATEMENT 
X XXX XXX XX XXX XXX TAX * N N * N A K* K ** K KKK K* ** KN KR K K K K K* K* K * 


COLUMN IS CALLED WITH ICNT EOL TO THE CURRENT COLUMN NUMBER 
AND PBUFF БОГ TO THE CHARACTER TO BE CONVERTED, 

COLUMN RETURNS THE APPROPRIATE COLUMN OF DATA FROM THE 
CHARACTER GENERATER TABLE, COLUMN IS LOCATED IN PAGE 2 
FOLLOWING TBE FIRST HALF OF THE TABLE. 


* * K X * KK KKK KK KK KK X XX KAR RRA & X X AX NN K N XXX XX XXX XXX XXX KK KE КК КК KK 


ORG 2ЕВН 
PROCEDURE COLUMN (PRINTSBUFFER, ICNT) ; 


' FLAGG=NOT PRINTSBUFFER(5] ; 
PRINTSBUFFER [5] = 


4 
; TEMP=7* (PBUF+1 nr 
; iP FLAGÓ-OFF THEN 
: TEMP=MP3 (TEMP) ; 
; LERINISBÜPFERIB| = =1; 
ГД 
7 ENDA po 
: ТЕНОР МР? (TEMP) ; 
4 U 
: END: 
COLUMN: MOV A,PBUF 

СІВ ЕЙ 

JBO NOSET 

СРІ, Ед 

NOSET: ANL A, #01ЕН 

MOV PBUF,A 

RL À 

RL A 

RL А 

CPL А 

ADD A,PBUF 

ADD A, ICNT 

CPL A 

ADD А,47 

JF PÁG2 

МОУРЗ А, ВА 

ХСН A,PBUF 

ORL A, #20H 

XCH À, PBUF 


RE 
PAG2: MOVP A, 
ҺЕТ 


4-4 ме ——————ꝛ——.—' мө — 


* * K K kkk kkk К khkk X X K XX X k k XXX kk kkk kk XX XXX XTX XK k k kkk k kk NN X XN XTX XN XK К 


CHARACTER GENERATER TABLES, ~ 

THE FIRST HALF OF THESE TABLES IS IN PAGE 2. FOLLOWING THIS HALF 
IS THE COLUMN SUBROUTINE. THE SECOND HALF OF THE TABLE IS 

IN PAGE 3, TAE PLACEMENT OF THESE TABLES IS ТО TAKE 

ADVANTAGE OF THE MCS-41 MOVP AND MOVP3 INSTRUCTIONS. 


THE CHARACTERS ARE FORMED BY A SEVEN BY SEVEN MATRIX 
OF DOTS. EACH DOT POSITION CORRESPONDS 

TO ONE HALF ТВЕ NORMAL DOT SPACING OF THE LRC PRINTER. 

TO PREVENT EXCEEDING THE "BANDWIDTH" OF THE SOLENOIDS 

THE CHARACTERS ARE FORMED SO THAT THE ЗАМЕ SOLENOID IS 

NOT ENERGIZED TWICE IN SUCCESSION, CONSTRUCTING THE 

TABLE IN THIS MANNER ALLOWS THE FORMATION OF А CHARACTER IN ONLY 
4 PRINT COLUMNS SINCE THREE OF THE DOTS WILL APPEAR BETWEEN 
NORMAL COLUMN POSITIONS. 


THE COMMENT FIELD OF THE TABLE SHOWS THE БІТ PATTERN OF THE 


CHARACTERS. THE SPACING OF THE PRINTER CHARACTERS CAUSES 
DISTORTION OF THE CHARACTERS BUT THE PATTERN IS STILL DISCERNABLE, 


РОА ДА АКО IKK IRR KKK RK KKK HI KR IKK I RIT RK IKE ERIK IE RK * 
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[8] 


[1] 


191 


[K] 


[L] 


[M] 


[N] 


101 


ІРІ 


[0] 
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кн 
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SOURCE, STATEMENT 


DB ТЕН ; * * * * ** ; [Е] 
DB 00H P 

DB 48H ; хо * 

DB 00H ; 

DB 94H 2% 

DB ДАН 1 * * ж 

DB 31H ;* ** 

DB 32H A ЖЖ ; [6] 
DB 49H уж * * 

DB 00H ; 

DB 49H жож k 

DB 00H P 

DB 49H рж * X 

DB 26H ; жж * 

DB 40H * ; [Т] 
DB 20 ; 2 
DB 40H ; ж 

DB 3FH ; & * * * * * 

DB 40H : ж 

DB OCH ; 

DB 40H ; * 

DB 7СН ро eek ; [0] 
DB 02H ; Ж 

DB 91H 1 * 

DB 29H ; 

DB ЙІН ; * 

DB 02H р * 

DB 7CH ро *** 

DB 78H ; жижи : [V] 
DB 04h 2% 

DB 02H ; Ж 

DB ЙІН ; * 

DB 02H br 

DB 04H 7 * 

DB 78H ; жижи 

DB ЧЕН . & * KN * * Я ІМ! 
DB 018 рж 

рв 02H ; > 

DB OCH ро ** 

DB 028 $i АЖ 

DB 01H ; * 

DB ТЕН ро ARA 

DB 41H ;* * ; IXI 
DB 22H ро * ж 

DB 14H ; X * 

DB 08H ; * 

DB 14H РЕНИЈЕ 

DB 22H ро * ж 

DB 41H ; * ж 

DB 49H ; ж # [X] 
DB 20H ; * 

DB 19H ; ж 

DB ЙЕН ; хх» 

DB 10H ж 

DB 204 ; * 

DB 40H ; * 

EJECT 
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БЕО SOURCE STATEMENT 
818 DB 41H ра % : [2] 
819 DB 02H ; * 

820 DB 45H AR X 

821 DB Ж ; Ж 

822 DB 51H РЕНЕ 

823 DB 20H ; ж 

824 DB 41H Бары * 

825 

826 DB ТЕН pO RERRERK ; [dil 
827 DB 00H ; 

828 DB 41H ; * * 

829 DB 00H ; 

836 DB 41H ; * х 

831 DB 00H ; 

832 DB 41H ; X * 

833 

834 DB 40H ; * : N 
835 DB 20H ; ж 

836 DB 10H ; * 

837 DB 08H ; ж 

838 DB 04H ;POG* 

839 DB 02H ; * 

840 DB 01H ; * 

841 

842 DB 41H ;P* * ; [1 
843 DB 08H ; 

844 DB 41H 7 * * 

845 DB 00H ; 

846 DB 41H ; * * 

847 ОВ 00H ; 

848 DB 7FH porke 

849 

850 DB 00H ; ; [UA] 
851 DB 04H 71 * 

852 DB 08H ; ж 

853 DB 10H ; ж 

854 DB 08H ; * 

855 DB 04H 71 * 

856 DB 00H ; 

857 

858 DB 01H 1 * : (.] 
859 DB 00H ; 

860 DB ЙІН ; * 

861 DB 00H ; 

862 DB ЙІН ; Ж 

863 DB 90 ; 

864 DB 01H ; * 

865 

866 

867 

868 

869 РЕКАО АВА EK EKER EK IRE KK e e e KKK ОКА ДОО ТАЈ 
879 ; 

871 ; START ОҒ SECOND HALF OF CGEN TABLE 

873 CCC 
874 

875 ORG 300 

876 

877 

878 DB 90 ; : Р) 
879 DB QOH ; 

880 DB 00H ; 

881 DB 90H ; 

882 DB 00H ; 

883 DB 00H ; 

884 DB 00H ; 

885 

886 DB дон ; : [9 
887 DB 00H ; 

888 DB 4 7 

889 DB 7DH ; X kk 

890 DB 00H ; 

891 DB 00H ; 

892 DB 00H ; 

893 

894 $ EJECT 
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SOURCE STATEMENT 
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OMFS GGIS CONO 


DOS олом 
DD O LOOO LS LD KO Du 
AATA HANNON 
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Lo GC) > 
5 


; [$] 
: 
: 
i ; Is] 
i 
; [8] 
; 
; р ІЗ 
; 
; 
Н 
; 
; 
; 
DB 1CH Ji LUNAR ; ТО 
DB 22H р хо * 
DB 41H : * * 
DB 20H 2 
DB 90H ; 
DB 09H : 
DB 00H р 
DB 008 : : D] 
DB 00H ; 
DB QOH 2 
DB 00H : 
DB 41H ; * ж 
DB 22H ; * 
DB 1CH ; * 
DB 49H s X * * ; [*] 
DR J pm d 
DB 1CH р жж 
DB 774 ) ЖЕЖ 24 
рв 1CH LL 
DB 22H роко ж 
DB 49H Коко ж 
DB 08H ; ж ; [+] 
DB 08H ; * 
DB 08H ; * 
DB 3EH 5 *** 
DB 08H ; * 
DB 08H ; * 
DB 08H ; * 
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~ 


DB дон ; 

DB ден Н 

рв ЙІН ; * 

DB 06H әл ЖЖ 

DB вон H 

DB 00H H 

DB 04H n * S 1-1 
DB 04H ж ж 

DB 04H : ж 

DB 04H H x 

DB ДАН À * 

DB ДАН ; * 

DB 04H ; ж 

DB дан і : l.] 
DB 00H ; 

DB 00H ; 

DB 0 put 

DB 00H H 

DB 9011 ; 

DB 00H ; 

EX Z 
ош i LE 
DB ÿ4H ; * 

DB 08H 2 Е 

DB 10H ; ж 

рв 28H ; ж 

DB 40H ; * 

DB 1DH ; * RR ; [0] 
DB 22H ; ко Ж 

DB 45H 7 * * * 

DB 08H р * 

DB 51H pote CAN 

DB 22H EE сй 

DB 5CH 71 ** * 

DB 00H ; ; [1] 
DB 21H ;* 

DB 40H ; ж 

DB ЗЕН ; PARAR 

DB 00H ; 

DB ü 3 * 

DB 000 : 

DB 23H рж * : [21 
DB 44H ; х * 

рв 91H ; * 

DB 48H ; х x 

DB ЙІН пеи 

рв 48H ; * ж 

DB 31H 2% ЖЖ 

рв 42Н р * * # BI 
DB 01H рої 

DB 50H ; * * 

DB б ;* 

DB 50H ; * * 

DB 29H 1 * * * 

DB 46H ро * * 

ЕЈЕСТ 
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5 [>] 


DB 004 R 

DB 41H 3 * * 
DB 22H $ E, Ж 
DB 14H 2 ж * 
DB 08H ; ж 

DB 00h H 

DB 00 ; : [2] 
DB 28H ; * 
DB 49H ; * 
DB 05H ; * * 

DB 48H р жо * 
DB 30H : жк 
DB рон ; 

END 
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3065 Bowers Avenue 
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Tel (408) 246-7501 

TWX. 910-338-0026 

TELEX: 34-6372 


U.S. AND CANADIAN SALES 


ALABAMA 

Glen While Associates 
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Tel: (205) 883-9394 


ARIZONA 

Sales Engineering, Inc 

7226 Stetson Drive, Suite 24 
Scottsdale 85252 

Tel: (602) 945-5781 
TWX:910-950-1288 


Intel Corp. 

8650 М. 35th Avenue 
Phoenix 85021 

Tel (602) 242-7205 


CALIFORNIA 

Intel Corp.” 

990 E. Arques Ave 
Suite 112 
Sunnyvale 94086 
Tel: (408) 738-3870 
TWX: 910-339-9279 
TWX: 910-338-0255 
Mac-l 

P O. Box 1420 
Cupertino 95014 
Tel: (408) 257-9880 
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Suite L 

San Diego 92111 
Tel: (714) 278-5441 
TWX: 910-335-1585 
Мас-! 

Р.О Вох 8763 
Founlain Valley 92708 
Tel: (714) 839-3341 
Intel Corp.* 

1651 East 41h Street 
Suite 228 

Santa Ana 92701 
Tel: (714) 835-9642 
TWX: 910-595-1114 


COLORADO 

Intel Corp. 

12075 East 45th Avenue 
Suite 310 

Denver B0239 

Tel: (303) 373-4920 
TWX: 910-932-0322 


MICROCOMPUTER AND MEMORY COMPONENT 


SALES AND MARKETING OFFICES 


OFFICES 


CONNECTICUT 
Intel Corp. 
Peacock Alley 

1 Padanaram Road 
Danbury 06810 

Tel: (203) 792-8366 


FLORIDA 

Intel Corp. 

2020 W. McNab Road, Suile 104 
РІ, Lauderdale 33309 

Tel: (305) 971-7200 

TWX. 510-956-9407 

Intel Corp. 

5151 Adanson Street, Suite 105 
Orlando 32804 

Tel: (305) 628-2393 

TWX 810-853-9219 


ILLINOIS 

Intel Corp.” 

1000 Jorie Boulevard 
Suite 224 

Oakbrook 60521 

Tel: (312) 325-9510 
TWX 910-651-5881 


IOWA 

Technical Representatives, Inc. 
1703 Hillside Drive М W 
Cedar Rapids 52405 

Tel: (319) 396-5662 


KANSAS 

Technical Representatives, Inc. 
801 Clairborne 

Olathe 66061 

Tel (913) 782-1177 

TWX: 910-749-6412 


MARYLAND 

Glen White Assoclaies 
57 West Timonium Road 
Timonium 21093 

Tel (301) 252-6360 


Intel Corp.“ 

57 West Timonium Road 
Suite 307 

Timonium 21093 

Tel: (301) 252-7742 
TWX: 710-232-1807 


EUROPEAN MARKETING OFFICES 


BELGIUM 

Intel International* 
Rue du Moulin à Papier 
51-Boile 1 

B-1160 Brussels 

Tel: (02) 660 30 10 
TELEX: 24814 


FRANCE 

Intel Corporation, S.A.R.L.* 
74, Rue D'Arcueil 

Silic 223 

94528 Rungis Cedex 

Tel. (01) 687 22 21 

TELEX: 270475 


ORIENT MARKETING OFFICES 


JAPAN 

Intel Japan Corporalion* 

Flower Hill-Shinmachi East Bldg. 
1-23-9, Shinmachi, Setagaya-ku 
Tokyo 154 

Tel' (03) 426-9261 

TELEX: 781-28426 


TAIWAN 

Taiwan Automation Со." 
6th Floor, 18-1, Lane 14 
Chi-Lin Road 

Taipei 

Tel: (02) 551726-9 
TELEX: 11942 TA¡AUTO 


INTERNATIONAL DISTRIBUTORS 
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Warburlon-Frankie (Sydney) Ply Lid. 
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Tel 648-1711, 648-1381 
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(Melbourne) Pty. Ltd 

220 Park Street 
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AUSTRIA 

Bacher Elektronische Gerale GmbH 
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A 1120 Vienna 

Tel. (0222) 83 63 96 

TELEX: (01) 1532 


BELGIUM 

Inelco Belgium S.A. 
Avenue Ма! Duchesse, 3 
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Tel: (02) 660 00 12 
TELEX. 25441 


DENMARK 

Scandinavian Semiconductor 
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DK-2200 Copenhagen N 

Te!. (01) 93 50 90 

TELEX: 19037 


FINLAND 
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SF 00180 

Helsinki 18 

Tel: (90) 664 451 
TELEX: 12426 


FRANCE 

Tekelec Airtronic 
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92310 Sevres 
Tel: (1) 027 75 35 
TELEX: 250997 


GERMANY 

Alfred Neye Enatachnik GmbH 
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Tel: (04106) 6121 

TELEX: 02-13590 

Electronic 2000 Vertriebs GmbH 
Neumarkler Strasse 75 
D-8000 Muenchen 80 

Tel: (089) 434061 

TELEX 522561 
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0-6277 Kamberg 

Tel: (06434! 6005 

TELEX: 484426 
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Intel Corp.* 

187 Billerica Road, Sulle 14A 
Chelmsford 01824 

Tel (617) 256-6567 

TWX. 710-343-6333 


MICHIGAN 

Inte! Corp. 

26500 Norlhwestern Hwy. 
Suite 401 

Southfield 48075 

Tel: (313) 353-0920 

TWX: 910-420-1212 
TELEX: 2 31143 


MINNESOTA 

Intel Corp. 

8200 Normandale Avenue 
Suite 422 

Bloomington 55437 

Tel: (612) 835-6722 

TWX: 910-576-2887 


MISSOURI 

Technical Representatives, Inc. 
Trade Center Bldg. 

300 Brookes Drive, Suite 108 
Hazelwood 63042 

Tel: (314) 731-5200 

TWX: 910-762-0618 


NEW JERSEY 
Intel Corp. 

2 Kilmer Road 
Edison 08817 

Tel: (201) 985-9100 
TWX. 710-480-6238 


NEW YORK 

intel Corp. 

350 Vanderbilt Molor Pkwy 
Suile 402 

Hauppauge 11787 
Tel. (516) 231-3300 
TWX' 510-221-2198 
Intel Corp. 

474 Thurston Road 
Rochester, N.Y. 14619 
Tel: (716) 328-7340 
TWX: 510-253-3841 


SCANDINAVIA 

Intel Scandinavia A/S" 
Lyngbyvej 32 2nd Floor 
DK-2100 Copenhagen East 
Denmark 

Те!: (01) 18 20 00 

TELEX: 19567 


Intel Sweden АВ" 
Box 20092 
5-16120 Bromma 
Sweden 

Tel: (08) 98 53 90 
TELEX: 12261 


HONG KONG 
ASTEC International 
Oriental Centre 

14th Floor, No. 67-71 
Chatham Road 
Kowloon, Hong Kong 


Tel: 3-694751 
Cable: "АЗСОМР" 
TELEX: 74899 ASCOM HX 
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Electronics International 
128 Mahatma Gandhi Road 
Secunderabad 

Tel: 53211 

TELEX. 043-222 


ISRAEL 
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Tel-Aviv 
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JAPAN 
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Мідогі-Ки, Yokohama 226 
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Jonesboro 37659 

Tel. (615) 928-0184 
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2523 Howard Road 
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Intel Corporation (U.K.) Ltd." 
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Tel: (0865) 77 14 31 
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Tel. (03) 543-7711 

Nippon Micro Computer Co. Ltd 
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Koram Digital 
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13777 М. Central Expressway 
Suite 405 

Dallas 75231 

Tel: (214) 238-7157 

TWX 910-867-4763 


Mycrosystems Marketing Inc 
6610 Harwin Avenue, Suite 125 
Houston 77036 

Tel. (713) 783-2900 
Mycrosyslems Markeling Inc. 
2622 Geronimo Trail 

Austin 78746 

Те!. (512) 266-1750 

Intel Corp.* 

2925 L.B.J. Freeway 

Suite 100 

Dallas 75234 

Tel: (214) 241-9521 

TWX: 910-860-5487 


VIRGINIA 


Glen While Associates 
Р.О Box 1104 
Lynchburg 24505 

Tel: (804) 384-6920 


WASHINGTON 


E.S./Chase Co. 
Р.О. Box 80903 
Seattle 98108 

Tel: (206) 762-482< 
Тих: 910-444-2298 


CANADA 

Intel Corp. 

70 Chamberlain Ағе 
Ottawa, Ontario K'S 1V9 
Tel: (613) 232-8576 
TELEX: 053-4419 
Mullitek, Inc * 

4 Barran Street 

Ottawa. Onlario K2J 1G2 
Tel: (613) 825-4553 
TELEX 053-4585 


GERMANY 

Intel Semiconductcr GmbH" 
Seidlslrasse 27 

8000 Muenchen 2 

Tel. (089) 55 81 41 

TELEX: 523 177 


Intel Semiconductor GmbH 
Abraham Lincoln Stiasse 30 
6200 Wiesbaden 1 

Tel: (06121) 74855 

TELEX: 04186183 

Intel Semiconductor GmbH 
D-7000 Stutigart 80 
Ernslhaldenstrasse 17 

Tel: (0711) 7351506 
TELEX: 7255346 

intel Semiconductor GmbH 
Wiesenweq 26 

D-6272 Niederhausen 

Tel: (06127) 2314 


SPAIN 

Intertace 

Ronda San Pedro 22 
Barcelona 10 

Tel. 301 78 51 


SWEDEN 

Nordisk Electronik AB 
Fack 

5-10380 Stockholm 7 
Tel: (08) 248340 
TELEX: 10547 
SWITZERLAND 
Industrade AG 
Gemsenstrasse 2 
Postcheck 80 - 21:90 
СН-8021 Zurich 

Tel: (01) 60 22 30 
TELEX: 56788 


UNITED KINGDOM 
Rapid Recall, Ltd 
11-15 Betterton Slreet 
Drury Lane 

London WC2H 983 
Tel: (01) 379-6741 
TELEX 28752 

G.E C. Semiconductors Ltd 
Easl Lane 

Wembley HA9 7PP 
Middlesex 

Tel: (01) 904-9303 
TEL ЕХ, 923429 
Jermyn Industries 
Vestry Eslate 
Sevenoaks. Ken! 

Tel, (0732) 50144 
TELEX. 95142 


Field Application Location 
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